Introduction {#S1}
============

Maxillo-mandibular asymmetry has numerous aetiologies: congenital, traumatic, iatrogenic and post-oncologic. Patients with congenital dentofacial malformations are generally submitted to orthognathic surgery and/or additional procedures (genioplasty, alloplastic implants) with satisfactory results. However, despite achieving skeletal symmetry, noticeable facial asymmetry may persist. This problem is the result of the asymmetrical growth of the overlying soft tissue or the effect of its accommodation after skeletal movements. Although skeletal symmetry is present, the changes of the soft tissue envelope frequently give the face a hard, more angular appearance and/or a visible asymmetry to the normal side, that compromises the final result.

The transfer of autologous fat has been performed as whole grafts since the 1890s [@R01] and as injectable grafts since the 1920s [@R02]. However, it is only within the last 20 years that the popularity of autologous fat graft for facial recontouring has increased within the plastic and maxillo-facial surgery community. The wide experience recently gained with the clinical use of autologous fat transfer for facial soft tissue augmentation suggests that this procedure is the best presently available. In many ways fat is the closest we have to an ideal filler: it is readily available and inexpensive to harvest, it is autologous and therefore lacks a host immune response, it is safe and noncarcinogenic and it is acquired with a minimally invasive procedure [@R03].

Despite the clinical optimism associated with autologous fat graft, there remains an uncertainty among practitioners regarding the viability of transferred fat [@R04]. Several methods have been suggested to improve graft survival and volume prediction: \"nontraumatic\" blunt cannula technique, centrifugation and immediate injection of small amounts in multiple passes [@R05] [@R06]. The addition of growth factors or washing may be less meaningful [@R07]. In spite of these variable techniques for harvesting and engraftment, physician and patient satisfaction with the results of the procedure remains high, particularly in the short term [@R08].

The aim of this retrospective study was to evaluate and optimise the role of fat grafting as adjunct refinement procedure in management of patients with maxillo-mandibular malformations.

Materials and methods {#S2}
=====================

The study was performed on 45 patients (29 women and 16 men) operated between December 2012 and June 2014. The study was approved by the appropriate institutional review boards. Inclusion criterion was the presence of maxillo-mandibular asymmetry in patients already submitted to orthognathic surgery and/or to additional aesthetic procedures such as genioplasty or alloplastic implant placement. Excluded were patients with previous facial soft tissue surgery or those who refused to participate in the study. Each subject was fully informed about the aim of the study and about the possibility that fat grafting might have to be repeated, if necessary. Informed consent was obtained at study entry. Each patient was examined preoperatively to precisely evaluate and mark any area to be treated. Preoperative and post-operative photographs were systematically obtained.

Fat harvest, preparation and reinjection were performed in a standardised fashion in accordance with Coleman\'s recommendations [@R09] by the same plastic surgeon. Fat was harvested from the abdominal wall or inner knees using manual suction with a 10 cc syringe and a 3 mm blunt cannula. Centrifugation was carried out at 3000 rpm for 3 min. After that, the blood/tumescent fraction was drained and the oil was removed. The resulting purified fat layer was used for grafting the maxillo-mandibular region following the principles of structural fat grafting. Multiple access sites and a fan-like pattern technique using 1.4 mm and 1.8 mm blunt cannulas were used to transfer small aliquots of fat into various depths of the soft tissue (from the dermis to the muscular fascia or muscle). A threedimensional network of tunnels was created to improve the contact between the graft and the local adipose tissue, in order to maximise its harvest. The quantity of transplanted adipose tissue was determined by attempting to obtain symmetry with the contralateral side with 30% overcorrection. Overcorrection was performed with the realisation that there will be some loss of volume over time. Postoperatively, patients were asked to come back for follow-up at weeks 2 and 4 and at months 3, 6 and 12. At each follow-up visit, surgical complications were documented and patients were photographed. Position, facial expression, focal distance and camera settings were standardised. They were also asked to rate their overall satisfaction with the post-surgical facial appearance on a five-point scale (1: poor, 2: fair, 3: good, 4: very good, 5: excellent). This scale has been utilised in and validated by several prior studies [@R10]^-^[@R12].

Results {#S3}
=======

The average age of the 45 patients enrolled in the study was 29.5 years at the time of surgery. The average postoperative follow-up time was 9.7 months (range 1 to 18 months). Indications for grafts included maxillo-mandibular asymmetries after correction of congenital dentofacial malformations. Patient demographics, grafted areas, post-operative follow-up time and number of procedures are listed in Table I.

Due to its ease of access and availability, the most common donor site used was the abdominal wall (51 procedures), followed by the inner knees (18 procedures).

In all cases good integration of the grafted fat was observed in the recipient sites ([Figs. 1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}). Retrospective analysis of photographic documentation showed progressive volumetric decrease for up to approximately 6 months after surgery; after that graft volume remained relatively stable.

![A 29-year-old woman with facial asymmetry after orthognatic surgery (Patient no. 25). Postsurgical aspect after two structural grafting procedures (follow-up time: 10 months). 15 ml and 11 ml of fat tissue were grafted in the left chin, lateral cheek region and in the right upper and lower lips. Note the improvement of facial symmetry.](0392-100X-36-368-g001){#F1}

![(Front and lateral view). A 23-year-old woman affected by maxillo-mandibular asymmetry after orthognatic surgery (Patient no. 14). Postsurgical aspect after frontal only one structural grafting procedure (follow-up time: 13 months). 25 ml of purified fat tissue were grafted in the right malar, lateral cheek region and mandibular angle. Note the dramatic and lasting improvement of facial symmetry.](0392-100X-36-368-g002){#F2}

![(Front and inferior view). A 40-year-old man affected by Treacher-Collins syndrome with a severe facial asymmetry even after orthognatic surgery (Patient no. 40). Postsurgical aspect after two structural grafting procedures (follow-up time: 3 months). 20 ml and 14 ml of purified fat tissue were grafted in the left lateral cheek region, chin and nasolabial folds. Even if the postoperative result is still not satisfying, facial symmetry is improved.](0392-100X-36-368-g003){#F3}

There were no significant surgical complications, either from the fat harvest site or the reconstructed site. Mild oedema and bruising were frequent during the first postoperative week. No haematomas, infections, vascular or nervous injuries were recorded.

Twenty-four patients felt the need to have a second procedure. A second fat transfer was performed in 22 patients, and a third in 2 (total of 69 procedures).

Analysis of patient satisfaction after the last followup visit clearly demonstrated better results in the malar (mean satisfaction score \[MSS\]: 4.5) and lateral cheek regions (MSS: 4.2). Less satisfactory results were obtained in the chin (MSS: 3.4), nasolabial region (MSS: 3.1) and marionette folds (MSS: 2.8). The least satisfactory results were achieved in the upper (MSS: 2) and lower (MSS: 1.9) lip subunits. Satisfaction ratings for each subunit of the maxillo-mandibular region are presented in Table II.

Discussion {#S4}
==========

In facial reconstructive surgery, it is generally assumed that functional disorders should be corrected primarily. If a bone deformation is present, bone repair should be considered first. Facial volume deficiency may be corrected at a second stage. Orthognathic surgery includes all surgical procedures used to surgically treat patients affected by jaw discrepancies. The aim is to align the bony jaws into a favourable position for mastication, deglutition, respiration, and also to achieve a more desirable appearance, returning the patient to more appropriate facial proportions. Surgical procedures involve mobilisation of the bony jaws and their repositioning according to an accurate pre-surgical planning. Fixation is usually performed with plates and screws. The results are encouraging, but complications may be possible. Loss of sensitivity in the territories innervated by the third branch of the trigeminal nerve, malocclusion relapse, temporomandibular joint disorders, or foreign body reaction to internal rigid fixation means are the most frequent complications in orthognathic surgery. Despite the aim to recreate an appropriate facial eurhythmy, this kind of surgery may leave other cosmetic issues unaddressed, especially those related to soft tissue imbalance. Surgical options for correction include hard tissue augmentation (genioplasty, bone remodelling, autologous grafts and alloplastic materials), soft tissue augmentation (fillers, lipofilling), reduction (liposuction), cosmetic lip procedures, rhinoplasty. These procedures are preferentially performed at a later date after soft tissue oedema from orthognathic surgery has stopped, in order to achieve a more predictable outcome.

In clinical practice, procedures designed to augment soft tissues are the most commonly performed after orthognathic surgery, and fat grafting seems to be a reliable option as suggested by recent reports [@R13] and by the results of our study. The authors believe that autologous fat can produce a more natural result for correction of maxillomandibular asymmetry. It allows the surgeon the opportunity to sequentially fine-tune and refine the final contours and volume of the soft tissue envelope, resulting in improved facial symmetry. Furthermore, improvement of skin quality of the treated region is generally observed a few months after fat grafting. We know that the face can be divided into well-defined aesthetic regions. However, these aesthetic regions can be further divided into well-accepted smaller subunits [@R14]. Numerous studies have evaluated adipocyte survival in fat grafting, but few have the clinical results according to the treated facial subunits. In our study, we were able to analyse the success of lipofilling in relation to the different subunits of the maxillo-mandibular region. The most satisfactory results in our study were obtained in the malar and lateral cheek regions, followed by the chin, nasolabial and marionette folds, while the poorest results were achieved in the upper and lower lip subunits.

Levels of satisfaction and percentage of results were rated as \"very good\" and \"good\" and seem to correlate with the results of Mojallal et al. [@R13] and Fulton et al. [@R15] [@R16] Similar outcomes were reported by Bertossi et al. [@R17] in some facial recipient sites, but with the best results achieved in the lips and nasolabial folds. Similarly, Colic et al.[@R18] found a resorption rate at 2 years in the perioral region of only 20%, emphasising the importance of intramuscular fat injection. The results of our study are different. In our hands, the perioral region is an area that is difficult to correct, because of high mobility, which reduces graft taking. An overcorrection and multiple procedures are frequently necessary and intramuscular injection does not seem to prevent a high resorption rate. This is particularly true for the upper and lower lip subunits. Even with multiple fat injection procedures, our results in the chin and marionette folds are quite satisfactory, according to Fulton et al. [@R15] [@R16] Differently, Eremia and Newman [@R19] in a large series reported excellent results at 3 months, but the correction obtained was completely lost within 8 to 9 months, and repeated injections could not stabilise the results. Why are results in some anatomical regions better than in others, as shown in our study? There are no scientifically based answers, but only hypotheses which are still waiting to be experimentally confirmed. The most common hypotheses found in the literature concerns the degree of vascularisation and mobility of the recipient site and the quality of the donor-site (fibrosis, ischaemic changes, other morbidities, etc.). The studies by Mojallal et al. [@R20] in the field of tissue engineering are of interest. Those authors stated that fat graft survival depends basically on three factors: mature adipocyte survival, differentiation of adipose-derived stem cells (preadipocytes) in mature adipocytes and the presence of extracellular matrix, absolutely necessary for the two previously mentioned factors. Adipose tissue stem cells are pluripotent and various connective tissue lines derive from them. In the authors\' opinion, results are better in areas where fat tissue can be found naturally. The recipient fat tissue represents a scaffold that provides the substances to convert preadipocytes to mature adipocytes and not to other types of cells. Obviously this cannot be the case within the muscle or in contact with the fascia. This hypothesis justifies the results of our study as the best outcomes were obtained in the facial subunits where the fat was more represented (malar and lateral cheek). Another study performed by Rohrich et al. on cadavers demonstrates that subcutaneous fat of the face is partitioned into discrete anatomic compartments and that facial aging is, in part, characterised by how these compartments change with age, which might also be involved in some compartments retaining fat grafts better than others [@R20].

In our series, a second fat transfer was performed in 22 patients, and a third in 2 cases. A further procedure was performed when the patient and surgeon considered the achieved result insufficient, in case of undercorrection of the defect. The reason for undercorrection could be underestimation of the required volume, high resorption of the grafted fat, or inadequate recipient site [@R21].

Overcorrection is less common. As removal of fat without damaging the adjacent tissues is difficult, localised injection of fat should be avoided and regular distribution should be performed. In our study, no patients complained of overcorrection of the defect.

Irregularities can be observed when fat is injected too superficially or in an area with thin skin. They can be very disappointing, especially for female patients. In our series this complication was uncommon, concerning mainly the lips and mandibular profile.

The subjective evaluations of the results (preoperative and postoperative photographs) is the main limitation of this study. Despite this, our perception of the results seems to be in close relation with the level of satisfaction of patients, making the accuracy of the evaluation method relatively high.

Conclusions {#S5}
===========

Based on the observations of our study, fat grafting is a simple, effective and reproducible technique, with a high satisfaction rate and few disadvantages or complications. We demonstrated that the success of lipofilling is dependent on the treated aesthetic subunits of the face. The malar and lateral cheek regions seem to be highly favourable for fat grafting, unlike the upper and lower lips subunits. Composite procedures using orthognathic surgery and autologous fat provide the surgeon with an additional, more customisable option for patients with maxillo-mandibular malformations.
